A new guaiane sesquiterpene, (1R,4S,5S,10R)-10-methyl guaianediol (1), along with five known compounds, 10-methylalismoxide (2), (+)-alismoxide (3), isozedoarondiol (4), zedoarondiol (5), and zedoalactone B (6), were isolated from the rhizomes of Curcuma xanthorrhiza Roxb. Compounds 1-6 were isolated from this plant for the first time. Chemical structures were determined using nuclear magnetic resonance (NMR), electron ionization mass spectrometry (EI/MS), polarimetry, circular dichroism (CD), and infrared spectroscopy (IR). Compounds 3 and 4 decreased MMP-1 expression in UVB-treated human keratinocytes by about 8.9-fold and 7.6-fold at the mRNA level, and by about 9.2-fold and 6.6-fold at the protein level, respectively. Results indicate that the isolated compounds have anti-aging effects by inhibiting MMP-1 expression in skin cells.
Curcuma xanthorrhiza (Zingiberaceae) along with C. longa has been widely used in Asia as a spice and an edible color [1] . The rhizomes have been used as supplements and tonics, such as cholagogue [2] . Curcuminoids and bisabolane-type compounds have major pharmacological effects, including anti-cancer, antioxidant, and anti-inflammatory properties [3] [4] [5] . Continuing phytochemical studies on C. xanthorrhiza rhizome [6] led to isolation of guaiane sesquiterpenes. These are synthesized from E,E-farnesylpyrophosphate (FPP) by cyclization via a 10-membered ring sesquiterpene, germacrane, to form a bicyclo [5, 3 ,0]decane ring system [7] . These are considered key factors for their anti-bacterial [8] , anti-allergic, and anti-oxidant activities [9] . Solar UV irradiation is considered an important contributor to skin aging [10] . UV irradiation reduces collagen production in skin while increasing the gene expression of matrix metalloproteinases (MMPs). MMPs are zinc-containing proteases involved in tissue remodeling by degrading extracellular matrix proteins, among them, MMP-1 is the protein that is most responsible for degrading type 1 collagen in skin [11] . Natural compounds from plants are reported to be potential sources of MMP inhibitors that may protect from UV-induced skin aging [12] . This paper describes the isolation and identification of a new guaiane (1) and five known compounds, 10methyl alismoxide (2), (+)-alismoxide (3), isozedoarondiol (4), zedoarondiol (5) , and zedoalactone B (6) from the rhizome of C. xanthorrhiza as well as their anti-aging protective role against UV irradiation.
Compound 1, a colorless oil, was pink on ODS TLC after spraying with 10% H 2 SO 4 and then heating. Compound 1 showed absorbance bands in the IR spectrum due to a hydroxy group (3285 cm -1 ) and a double bond (1660 cm -1 ). Its molecular weight was determined to be 252 from the molecular ion peak m/z 252 [M] + in the EI/MS spectrum. The molecular formula of C 16 were observed. Accordingly, compound 1 was assumed to have an alicyclic moiety with a methoxy group and four methyl groups. The 13 C-NMR spectrum showed 16 carbon signals, including signals for two olefin quaternary carbons (δ C 131.1, 122.5), two oxygenated quaternary carbons (δ C 82.5, 78.0), a methoxy group (δ C 53.3), and two methine carbons (δ C 131.1, 122.5). Five methylene carbon signals (δ C 36.7, 29.8, 28.1, 27.0, 25.4) and four methyl carbon signals (δ C 25.3×2, 25.0, 20.1) were observed in the high magnetic field region. Consequently, compound 1 was identified as a guaiane-type sesquiterpene with an isopropylene group located on the olefin tertiary carbon.
To determine the structure of compound 1, including the location of methoxy, isopropylene, and methyl groups, 2D NMR experiments were performed. The gCOSY spectrum of 1 revealed partial structures of CH 2 (C-3) ↔ CH 2 (C-2) ↔ CH (C-1) ↔ CH (C-5) ↔ CH 2 (C-6) and CH 2 (C-9) ↔ CH 2 (C-8). In the gHMBC spectrum, two methyl proton signals of the isopropylene moiety at [δ H 1.66 (H-12)] and [δ H 1.62 (H-13)] correlated with the olefin quaternary carbon signal at [δ C 122.5 (C-7)]. Two tertiary methyl signals at [δ H 1.34 (H-15)] and [1.10 (H-14)] showed cross peaks with two carbinyl carbons at [δ C 82.5 (C-4)] and [78.0 (C-10)], respectively, while a methoxy proton signal at δ H 3.17 correlated with C-10. From this data, compound 1 was determined to be 4-hydroxy-7isopropylene-10-methoxy-4,10-dimethyl guaiane, a new guaianetype sesquiterpene. The stereochemistry of 1 was confirmed by coupling constants and NOE experiments. The relatively large coupling constant (J = 11.6 Hz) between the methine signals at [δ H 1.77 (H-1)] and [δ H 1.56 (H-5)] and no NOE correlation between H-1 and H-5 indicated that the A/B-ring linkage had the transconfiguration [13] . In the 13 C NMR spectrum of zedoalactone A [13] and isozedoarondiol (4) [13] , C-15 (-CH 3 ) resonates at δ C 31.5 and 32.2, respectively, while C-15 (β-CH 3 ) resonates at δ C 21.0 and 20.3 in compounds 1 and zedoarondiol (5) [14] , respectively, which also have the A/B trans ring junction. Hence, C-15 in 1 must have the -configuration. Compounds 3, 4, 5 and 6 were proved to be 10-methylalismoxide [15, 16] , (+)-alismoxide [15, 16] , isozedoarondiol , zedoarondiol [14] and zedoalactone B [13] respectively, by comparison of their spectroscopic and spectrometric data with those in the literature. Five known guaiane-type sesquiterpenoids 2-6 were isolated from this plant for the first time in this study.
The isolated compounds (1) (2) (3) (4) (5) (6) were examined for the effects on cell viability of HaCaT keratinocyte cells. All of the sesquiterpenes exhibited no inhibition of cell viability up to a 20 M concentration (Figure 2A ), indicating that they are not toxic to cells in the range of concentrations used in this study. Each compound was also evaluated for its effect on the expression of MMP-1 in UVB-treated HaCaT cells ( Figure 2B ).
The keratinocyte cells were treated with each of the guaiane sesquiterpenes at 5 M concentration for 24 h, exposed to UVB for 15 secs (20 mJ/cm 2 ) and incubated for 24 h. RT-PCR analysis showed that a (+)-alismoxide (3) and isozedoarondiol (4) strongly suppressed MMP-1 mRNA expression in UVB-treated HaCaT. The inhibitory effects of the two sesquiterpenes on MMP-1 expression were further determined at the protein level as well as mRNA levels in UVB-irradiated cells in the presence of various concentrations of the compounds. RT-PCR analysis showed that treatment of cells with 3 and 4 resulted in inhibition of the elevated MMP-1 mRNA expression in UVB-stimulated HaCaT cells in a concentrationdependent manner, without affecting the mRNA levels of -actin ( Figures 3A and B) . (+)-Alismoxide (3) and isozedoarondiol (4) reduced the MMP-1 mRNA expression in keratinocytes by about 8.9-and 7.6-fold, respectively. The protein levels of MMP-1 were analyzed by Western blot analysis, which showed that the protein levels of MMP-1 were decreased in HaCaT cells treated with (+)alismoxide (3) and isozedoarondiol (4) by about 9.2-and 6.6-fold, respectively ( Figures 3C and D) . The inhibitory activity of compounds 3 and 4 on MMP-1 expression was significantly higher than that of eicosapentaenoic acid and quercetin, well known natural MMP-1 inhibitors [17, 18] . Taken together, our results demonstrate that (+)-alismoxide (3) and isozedoarondiol (4) from C. xanthorrhiza inhibit production of MMP-1 in UV-irradiated HaCaT cells. These findings suggest that C. xanthorrhiza could be utilized as an effective agent to prevent the process of UVB-mediated cutaneous alterations and photoaging. Fraction CXE-2-15-12 (25 mg, V e /V t 0.42-0.45) was subjected to the SiO 2 CC (φ 3 × 10 cm) and eluted with n-hexane-EtOAc (2:1, 220 mL) to produce six fractions (CXE-2-15-12-1 to CXE-2-15-12-6) along with purified compound 2 (CXE-2-15-12-4, 3.2 mg, V e /V t 0.58-0.75, TLC [SiO 2 F 254 ] R f 0.62, n-hexane-EtOAc=2:1). Fraction CXE-14 (13 g, V e /V t 0.48-0.59)s was subjected to the ODS CC (φ 4.5 × 13 cm) and was eluted with MeOH-H 2 O (2:1, 6.5 L), yielding 14 fractions (CXE-14-1 to CXE- . Fraction CXE-14-4 (156 mg, V e /V t 0.06-0.07) was subjected to a Sephadex LH-20 CC (φ 1.5 × 60 cm) and eluted with MeOH-H 2 O (4:1, 360 mL) to produce 12 fractions (CXE-14-4-1 to CXE-14-4-12). Fraction CXE-14-4-3 (54 mg, V e /V t 0.20-0.25) was subjected to the SiO 2 CC (φ 3.5 × 14 cm) and eluted with CHCl 3 -MeOH (50:1, 630 mL) to produce nine fractions (CXE-14-4-3-1 to CXE-14-4-3-9) along with purified compound 3 (CXE-14-4-3-6, 19 mg, V e /V t 0.60-0.90, TLC [SiO 2 F 254 ] R f 0.58, CHCl 3 -MeOH=15:1). Fraction CXE-16 (4.0 g, V e /V t 0.85-1.00) was subjected to the SiO 2 CC (φ 6 × 20 cm) and eluted with The eluting solutions were  monitored using TLC analysis while producing 22 fractions (CXB-1 to CXB-22). Fraction CXB-5 (112 mg, V e /V t 0.06-0.07) was subjected to the ODS CC (2.5 × 6 cm) and eluted with MeOH-H 2 O (1:2, 300 mL) to yield seven fractions (CXB-5-1 to CXB-5-7) along with purified compound 5 (CXB-5-3, 18 mg, V e /V t 0.06-0.13, TLC [ODS F 254S ] R f 0.63, MeOH-H 2 O=1:1). Fraction CXB-9 (1.3 g, V e /V t 0.10-0.18) was subjected to the ODS CC (3.5 × 6 cm) and eluted with MeOH-H 2 O (1:2, 900 mL) to produce five fractions (CXB-9-1 to CXB-9-5). Fraction CXB-9-2 (320 mg, V e /V t 0.08-0.26) was subjected to the Sephadex LH-20 CC (φ 1.5 × 60 cm) and eluted with MeOH-H 2 O (4:1, 250 mL) to produce four fractions (CXB-9-2-1 to CXB-9-2-4). Fraction CXB-9-2-3 (254 mg, V e /V t 0.81-0.98) was subjected to the SiO 2 CC (φ 3 × 14 cm) and eluted with n-hexane-EtOAc-MeOH (10:3:1, 460 mL) to produce nine fractions (CXB-9-2-3-1 to CXB-9-2-3-9) along with purified compound 6 (CXB-9-2-3-4, 16 Cell culture: Human keratinocyte HaCaT cells were grown in Dulbecco's modified Eagle's medium supplemented with 10% FBS and antibiotics (100 unit/ml penicillin, 100 µg/ml streptomycin) at 37 ºC in a humidified incubator containing 5% CO 2 and 95% air. Dulbecco's modified Eagle's medium, FBS, antibiotics, and trypsin EDTA was obtained from Invitrogen (Carlsbad, CA, USA).
Cell viability assay:
HaCaT cells were seeded in 96-well plates at a density of 5 × 10 3 cells/well and allowed to attach for 24 h. After discarding the growth medium, cells were treated with various concentrations of sesquiterpenes in DMSO isolated from C. xanthorrhiza in serum-free medium for 48 h. After incubation, cells were treated with 100 µg/mL of 3-[4,5-dimetnythiazol-2-yl]-2,5diphenyl-thetazolium bromide (MTT) for 1 h [19] . The formazan precipitate was dissolved in 200 µL of DMSO and the absorbance at 560 nm was determined spectrophotometrically. Analyses were repeated three times and the results are expressed as the means±SD of three independent experiments.
UV irradiation:
In brief, HaCaT cells were pre-treated with or without sesquiterpenes in serum free media for 24 h and then rinsed twice with PBS. The cells were then irradiated with UVB (20 mJ/cm 2 ) at 312 nm for 15 s using a UVB lamp (Bio-Sun Lamps, Vilber Lourmat, Marine, France), which delivered uniform irradiation at a distance of 15 cm, and radiation intensities were
